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Resumen
Se aplica un procedimiento de inversión de falla 
¿QLWDSDUDREWHQHUXQPRGHORGHGHVOL]DPLHQWR
VREUH HO SODQR GH IDOOD SDUD HO VLVPR 0W 7.4 
de Ometepec-Pinotepa Nacional del 20 de 
marzo 2012, utilizando ondas P telesísmicas 
UHJLVWUDGDVSRUODUHGGHO*OREDO6HLVPRJUDSKLF
1HWZRUN /D LQYHUVLyQ VH KDFH HQ WLHPSR
casi-real utilizando parámetros de la fuente 
reportados por el Servicio Geológico de Estados 
8QLGRV86*6\HOSUR\HFWRGHO*OREDO&HQWURLG
Moment Tensor (gCMT). La orientación de la 
IDOOD\HOiQJXORGHGHVOL]DPLHQWRVHREWLHQHQ
del mecanismo del gCMT, asumiendo que la 
IDOODFRLQFLGHFRQHOSODQRQRGDOFRQEDMRiQJXOR
GH EX]DPLHQWR /DV GLPHQVLRQHV GH OD IDOOD \
la duración máxima de la función fuente se 
GH¿QHQHQEDVHDODPDJQLWXGUHSRUWDGDSDUDHO
HYHQWR'DWRVWHOHVtVPLFRVREWHQLGRVGHODEDVH
de datos del Continuous Waveform Buffer del 
USGS se utilizan en la inversión con tiempos de 
LQLFLRTXHFRUUHVSRQGHQDORVDUULERVGHODRQGD
3LPSOHPHQWDGRVHQHOFiOFXORGHOKLSRFHQWUR/D
LQYHUVLyQVHHVWDELOL]DDSOLFDQGRXQDWUDQVLFLyQ
suave de deslizamiento a lo largo de la falla 
y una reducción simultánea del momento 
sísmico. Estas restricciones se implementan 
utilizando un peso de suavizamiento estimado 
GLUHFWDPHQWHGHOSUREOHPDLQYHUVRSHUPLWLHQGR
así la recuperación en un solo paso del patrón de 
ruptura menos complicado. La inversión de los 
registros en desplazamiento revela una simple 
ruptura circular similar al área de deslizamiento 
determinada por el USGS utilizando ondas de 
FXHUSR \ RQGDV VXSHU¿FLDOHV LQGLFDQGR TXH
ODV RQGDV 3 WHOHVLVPLFDV SXHGHQ LGHQWL¿FDU
los rasgos principales de la fuente en tiempo 
casi-real. Inversiones adicionales realizadas 
XWLOL]DQGR UHJLVWURV HQ YHORFLGDG LGHQWL¿FDQ
XQD IXHQWH PDV GHWDOODGD TXH FXEUH XQD
zona elíptica de 2500 km2 y que se extiende 
KDFLD DUULED \ KDFLD DEDMR GHO KLSRFHQWUR D
lo largo de la falla. Esta zona elíptica tiene 
GLPHQVLRQHV TXH FXEUHQ HO iUHD GH¿QLGD SRU
dos fuentes separadas determinadas por otros 
investigadores utilizando datos locales y ondas 
VtVPLFDV JOREDOHV /RV UHVXOWDGRV LQGLFDQ TXH
los registros en velocidad podrian aportar mayor 
LQIRUPDFLyQ VREUH ORV GHWDOOHV GH OD UXSWXUD
en inversiones realizadas en tiempo casi-real 
utilizando ondas P telesísmicas.
3DODEUDV FODYH HDUWKTXDNH VRXUFH SURSHUWLHV
¿QLWHIDXOWLQYHUVLRQWHOHVHLVPLF3ZDYHV
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Introduction
7KHUDSLGGHULYDWLRQRIWKHH[WHQGHGSURSHUWLHV
RIODUJHHDUWKTXDNHVLVDQLPSRUWDQWFRPSRQHQW
RI HDUWKTXDNH HDUO\DOHUWLQJ SURJUDPV DQG
LV QHFHVVDU\ IRU HIIHFWLYH SRVWHDUWKTXDNH
UHVSRQVH 3UHOLPLQDU\ HDUWKTXDNH VRXUFH PR
dels are useful, for example, for estimating 
WKHJURXQGPRWLRQVH[SHFWHGLQWKHHSLFHQWUDO
region. Several international seismological 
agencies currently calculate preliminary fault-
VOLSPRGHOVIRUODUJHHDUWKTXDNHVIROORZLQJWKHLU
RFFXUUHQFH7KH86*HRORJLFDO6XUYH\1DWLRQDO
(DUWKTXDNH ,QIRUPDWLRQ &HQWHU 86*61(,&
for example, provides fault-slip information 
IROORZLQJ VLJQL¿FDQW HDUWKTXDNHV XVLQJ ERG\
and surface-wave data recorded worldwide. 
6XFK WLPHO\ DQDO\VHV DUH QRW FXUUHQWO\
SHUIRUPHGE\UHVHDUFKHUVLQ/DWLQ$PHULFD
7KHWLPHO\UHFRYHU\RIFRVHLVPLFVOLSPRGHOV
UHTXLUHVWKHUDSLGDFTXLVLWLRQDQGSURFHVVLQJRI
WKH UHFRUGHGVHLVPLFZDYHIRUPGDWD IROORZHG
E\WKHLPSOHPHQWDWLRQRIDZDYHIRUPLQYHUVLRQ
PHWKRGRORJ\ XVXDOO\ EDVHG RQ D VLPSOL¿HG
SDUDPHWHUL]DWLRQ RI WKH HDUWKTXDNH VRXUFH
Different data types, including regional records 
DQG WHOHVHLVPLF ERG\ DQG VXUIDFHZDYH
GDWDKDYHEHHQH[DPLQHGWRUDSLGO\LQIHUWKH
H[WHQGHGSURSHUWLHVRIODUJHHDUWKTXDNHVXVLQJ
YDULRXV LQYHUVLRQ VFKHPHV HJ 0HQGR]D
 -L et al  'UHJHU et al., 2005, 
$PPRQet al+D\HV0HQGR]Det 
al., 2011). Studies using teleseismic P waves 
(e.g., Mendoza et al  0HQGR]D DQG
+DUW]HOOLQGLFDWHWKDWWKHVHGDWDDORQH
FDQ EH XVHG WR UDSLGO\ LGHQWLI\ SUHOLPLQDU\
¿UVWRUGHU UXSWXUH PRGHOV 7KHVH VWXGLHV
HPSOR\ WKH NLQHPDWLF ¿QLWHIDXOW LQYHUVLRQ
VFKHPHRI+DUW]HOODQG+HDWRQWRPRGHO
WKHHDUWKTXDNHVRXUFHZLWKWKHFRVHLVPLFVOLS
FRPSXWHGLQHDFKRID¿[HGQXPEHURIVXEIDXOWV
DORQJD VLPSOH SODQDU IDXOW 7KH+DUW]HOO DQG
+HDWRQ  IRUPXODWLRQJHQHUDOO\ UHTXLUHV
running multiple inversions using varying 
DPRXQWVRIVWDELOL]DWLRQWRLGHQWLI\WKHVLPSOHVW
VROXWLRQWKDWUHSURGXFHVWKHREVHUYHGUHFRUGV
For near-realtime applications, Mendoza 
 VXJJHVWHG UXQQLQJ WKH LQYHUVLRQ
RQO\RQFHE\¿[LQJ WKH VHLVPLFPRPHQW WRD
SUHVFULEHGYDOXH7KLVDSSURDFKZDVIRXQGWR
SURYLGHDSUHOLPLQDU\ LPDJHRI WKH FRVHLVPLF
VOLSSDWWHUQIRUODUJHHDUWKTXDNHVLQWKH0H[LFR
VXEGXFWLRQ]RQHDOWKRXJKWKHPRGHOVH[KLELW
VLJQL¿FDQWÀXFWXDWLRQVLQVOLSGXHWRWKHODFNRI
VSDWLDOVPRRWKLQJDORQJWKHIDXOW0HQGR]Det 
al0RUHUHFHQWO\0HQGR]DDQG+DUW]HOO
H[DPLQHGWKHPXOWLSOHLQYHUVLRQSURFHVV
RI +DUW]HOO DQG +HDWRQ  DQG IRXQG D
UHODWLRQVKLS EHWZHHQ WKH DPSOLWXGHV RI WKH
REVHUYHG WHOHVHLVPLF 3ZDYH UHFRUGV DQG
WKHDPRXQWRIVWDELOL]DWLRQUHTXLUHGWRREWDLQ
WKHVLPSOHVWUXSWXUHPRGHO7KHUHODWLRQDOORZV
DQDSSOLFDWLRQRI WKHPHWKRGRORJ\ LQDVLQJOH
VWHS XVLQJ ERWK PRPHQWPLQLPL]DWLRQ DQG
VSDWLDOVPRRWKLQJ FRQVWUDLQWV HVWLPDWHG IURP
Abstract
:H DSSO\ D VLQJOHVWHS ¿QLWHIDXOW DQDO\VLV
procedure to derive a coseismic slip model for 
WKHODUJH0W 7.4 Ometepec-Pinotepa Nacional, 
Mexico HDUWKTXDNH RI  0DUFK  XVLQJ
WHOHVHLVPLF 3 ZDYHIRUPV UHFRUGHG E\ WKH
*OREDO 6HLVPRJUDSKLF 1HWZRUN 7KH LQYHUVLRQ
is conducted in near-realtime using source 
SDUDPHWHUVDYDLODEOHIURPWKH86*61(,&DQG
WKH *OREDO &HQWURLG 0RPHQW 7HQVRU J&07
SURMHFW7KHIDXOWRULHQWDWLRQDQGVOLSDQJOHDUH
REWDLQHGIURPWKHJ&07PHFKDQLVPDVVXPLQJ
WKDWWKHIDXOWFRLQFLGHVZLWKWKHVKDOORZGLSSLQJ
QRGDOSODQH7KHIDXOWGLPHQVLRQVDQGPD[LPXP
ULVHWLPHDUHEDVHGRQWKHPDJQLWXGHUHSRUWHG
IRUWKHHYHQW7HOHVHLVPLFGDWDIURPWKH86*6
1(,& &RQWLQXRXV :DYHIRUP %XIIHU GDWDEDVH
DUHXVHGLQWKHLQYHUVLRQZLWKUHFRUGVWDUWWLPHV
VHW WR WKH 3ZDYH DUULYDOV XVHG WR FRPSXWH
WKH HDUWKTXDNH K\SRFHQWHU 7KH LQYHUVLRQ LV
VWDELOL]HG E\ UHTXLULQJ D VPRRWK WUDQVLWLRQ
RI VOLS DFURVV WKH IDXOW ZKLOH PLQLPL]LQJ WKH
VHLVPLFPRPHQW7KHVHFRQVWUDLQWVDUHDSSOLHG
XVLQJ D VPRRWKLQJ ZHLJKW WKDW LV HVWLPDWHG
IURPWKHLQYHUVHSUREOHPDOORZLQJWKHUHFRYHU\
RI WKH OHDVWFRPSOLFDWHG UXSWXUH KLVWRU\ LQ
D VLQJOH VWHS ,QYHUVLRQ RI WKH GHFRQYROYHG
ground-displacement waveforms reveals a 
VLPSOHFLUFXODUUXSWXUHVLPLODULQH[WHQWWRWKH
VRXUFHLGHQWL¿HGE\WKH86*61(,&XVLQJERG\
DQG VXUIDFHZDYH GDWD LQGLFDWLQJ WKDW WKH
WHOHVHLVPLF 3 ZDYHV FDQ SURYLGH D ¿UVWRUGHU
VRXUFH PRGHO IRU WKH HYHQW LQ QHDUUHDOWLPH
$GGLWLRQDO LQYHUVLRQV FRQGXFWHG XVLQJ YHORFLW\
records identify a more-detailed rupture model 
FKDUDFWHUL]HGE\DQHOOLSWLFDONP2 source 
UHJLRQH[WHQGLQJXSGLSDQGGRZQGLS IURPWKH
K\SRFHQWHU 7KLV HOOLSWLFDO VRXUFH SUHVHUYHV
WKH RULHQWDWLRQ DQG RYHUDOO GLPHQVLRQV RI D
GXDOVRXUFH VOLS PRGHO REWDLQHG UHFHQWO\ E\
RWKHU LQYHVWLJDWRUV XVLQJ ORFDO VWURQJPRWLRQV
DQG JOREDO VHLVPLF ZDYHIRUPV 7KH UHVXOWV
LQGLFDWHWKDWYHORFLW\ZDYHIRUPVFRXOGSURYLGH
DGGLWLRQDO GHWDLOV RI WKH HDUWKTXDNH UXSWXUH
LQ QHDUUHDOWLPH ¿QLWHIDXOW LQYHUVLRQV XVLQJ
teleseismic P waves.
.H\ ZRUGV HDUWKTXDNH VRXUFH SURSHUWLHV
¿QLWHIDXOWLQYHUVLRQWHOHVHLVPLF3ZDYHV
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WKH LQYHUVH SUREOHP 0HQGR]D DQG +DUW]HOO
XVHGWKLVVLQJOHVWHSDSSURDFKWRGHULYH
¿UVWRUGHUVOLSPRGHOVIRUVHYHUDOGLIIHUHQWVL]H
HYHQWVLQFOXGLQJWKH0W 7.1 East Turkey, WKH0W-DSDQDQGWKH0W1RUWKHUQ 6XPDWUD HDUWKTXDNHV XVLQJ 3ZDYH
displacement records.
,QWKLVVWXG\ZHXVHWKHVLQJOHVWHS¿QLWH
IDXOWLQYHUVLRQVFKHPHRI0HQGR]DDQG+DUW]HOO
 WR DQDO\]H WKH ODUJH0W 7.4 interplate WKUXVWHDUWKTXDNHWKDWRFFXUUHGLQWKH*XHUUHUR
2D[DFD ERUGHU UHJLRQ 0H[LFR RQ  0DUFK
 DQG H[DPLQH WKH UHVXOWV WR H[SORUH WKH
development of an automated inversion process 
WKDW FRXOG EH LPSOHPHQWHG LQ QHDUUHDOWLPH
IROORZLQJ WKH RFFXUUHQFH RI ODUJH VXEGXFWLRQ
HDUWKTXDNHV DORQJ WKH 0LGGOH $PHULFD
VXEGGXFWLRQ]RQH7KHHDUWKTXDNHUHVXOWHGIURP
VKDOORZVXEGXFWLRQRIWKH&RFRVSODWHEHQHDWK
1RUWK$PHULFDDQGRFFXUUHGLQDVHFWLRQRIWKH
SODWHERXQGDU\WKDWKDVH[SHULHQFHGPRUHWKDQ
ten MW!HYHQWV LQ WKH ODVW FHQWXU\ 81$06HLVPRORJ\ *URXS  7KH HDUWKTXDNH
FDXVHG H[WHQVLYH GDPDJH LQ WKH WRZQV RI
Ometepec, Guerrero and Pinotepa Nacional, 
Oaxaca, and was also strongly felt in Mexico City 
(Juarez Garcia et al+HUHZHSUHVHQW
WKHUHVXOWVRIDQHDUUHDOWLPHDSSOLFDWLRQRIWKH
LQYHUVLRQ SURFHGXUH FRQGXFWHG WKH GD\ RI WKH
event using teleseismic ground-displacement P 
ZDYHIRUPVFRQVLVWHQWZLWKWKHGDWDSURFHVVLQJ
XVHGE\0HQGR]DDQG+DUW]HOO:HDOVR
SHUIRUPDGGLWLRQDOLQYHUVLRQVRIWKHWHOHVHLVPLF
GDWDVHWXVLQJYHORFLW\ UHFRUGV WRH[DPLQH WKH
H[WHQWWRZKLFKSULQFLSDOIHDWXUHVRIWKHUXSWXUH
KLVWRU\FDQEHGHULYHG:H¿QGWKDWWKHYHORFLW\
UHFRUGVSURYLGHPRUHGHWDLORIWKHFRVHLVPLFVOLS
FRPSDUHGWRWKHGLVSODFHPHQWZDYHIRUPVGXH
WRWKHKLJKHUIUHTXHQF\FRQWHQW7KXVLWZRXOG
EHXVHIXOWRLQFOXGHWKHVHGDWDLQQHDUUHDOWLPH
DQDO\VHV RI WKH WHOHVHLVPLF 3ZDYHV WR GHULYH
SURYLVLRQDO¿UVWRUGHUVRXUFHPRGHOVIRUODUJH
MW!LQWHUSODWHVXEGXFWLRQHDUWKTXDNHV
Inversion method
7KHPHWKRGLVEDVHGRQWKH¿QLWHIDXOWZDYHIRUP
LQYHUVLRQ VFKHPH GHYHORSHG E\ +DUW]HOO DQG
+HDWRQ  DQGPRGL¿HG E\0HQGR]D DQG
+DUW]HOO  WR LGHQWLI\ WKH HDUWKTXDNH
UXSWXUHKLVWRU\IURPWKHUHFRUGHGWHOHVHLVPLF3
ZDYHIRUPV LQD VLQJOH VWHS7KHPHWKRGXVHV
PXOWLSOH FRQVHFXWLYH VOLS LQWHUYDOV RI ¿QLWH
duration to identify a long rise time, if required 
E\ WKH REVHUYDWLRQV ,Q WKH DQDO\VLV D IDXOW
SODQHRISUHVFULEHGRULHQWDWLRQGLPHQVLRQVDQG
GHSWK LVSODFHG LQ WKHFUXVWDO VWUXFWXUHRI WKH
VRXUFHUHJLRQDQGGLYLGHGLQWRDJLYHQQXPEHU
RI VXEIDXOWV )DXOW GLPHQVLRQV DUH FKRVHQ WR
JHQHURXVO\ HQFRPSDVV WKH H[SHFWHG H[WHQW
RI UXSWXUH EDVHG RQ WKH PRPHQW PDJQLWXGH
RI WKH HDUWKTXDNH )RU WKH  2PHWHSHF
3LQRWHSD1DFLRQDO HDUWKTXDNH WKH IDXOW SODQH
FRUUHVSRQGV WR WKHJHQWO\GLSSLQJQRGDOSODQH
LQ WKH*OREDO&HQWURLG0RPHQW7HQVRUJ&07
VRXUFH PHFKDQLVP VWULNH GLS DQG UDNH RI
 DVVXPHG WR UHSUHVHQW IDXOWLQJ
DORQJWKH&RFRV1RUWK$PHULFDSODWHERXQGDU\
7KLVJ&07PHFKDQLVPZDVDYDLODEOH IURP WKH
86*6ZHEVLWH WKHGD\RI WKHHYHQW7KH IDXOW
OHQJWKDQGZLGWKZHUH VHW WRNPDQG
NP UHVSHFWLYHO\ ZLWK WKH IDXOW GLYLGHG LQWR
VXEIDXOWVDORQJWKHVWULNHDQGVXEIDXOWV
GRZQWKHGLS7KHK\SRFHQWHUZDVSODFHGDWWKH
FHQWHURIWKHIDXOWDWWKHNPGHSWKFRPSXWHG
E\WKH86*61(,&
6\QWKHWLF 3ZDYH VHLVPRJUDPV DUH WKHQ
FRPSXWHGIRUHDFKVXEIDXOWDWDOOWKHUHFRUGLQJ
VLWHV E\ VXPPLQJ WKH UHVSRQVHV RI D VHW RI
SRLQWVRXUFHVGLVWULEXWHGXQLIRUPO\DFURVVHDFK
VXEIDXOW WDNLQJ LQWR DFFRXQW WKH WLPHGHOD\V
IRUDUXSWXUHIURQWSURSDJDWLQJDWDSUHVFULEHG
UXSWXUH VSHHG 7KH SRLQWVRXUFH UHVSRQVHV
DUH REWDLQHG XVLQJ JHQHUDOL]HG UD\ WKHRU\
+HOPEHUJHUDQG+DUNULGHUDQGDQHDU
VRXUFH FUXVWDO VWUXFWXUH WKDW FRUUHVSRQGV WR
WKHXSSHUNPRIWKH$.YHORFLW\PRGHO
(Kennett et al  7KH UXSWXUH YHORFLW\
LV ¿[HGDW  NPV WKH YDOXH VXJJHVWHGE\
0HQGR]DDQG+DUW]HOOFRUUHVSRQGLQJWR
DERXWRIWKHDYHUDJHFUXVWDOVKHDUZDYH
VSHHGLQWKHYHORFLW\PRGHO$ER[FDUVRXUFH
WLPH IXQFWLRQ LV XVHG WR FDOFXODWH WKH SRLQW
VRXUFH UHVSRQVHV ZLWK WKH ER[FDU GXUDWLRQ
GHSHQGLQJRQWKHVL]HRIWKHHYHQW
7KHV\QWKHWLFUHFRUGVDUHSODFHGHQGWRHQG
WRIRUPDPDWUL[$RIVXEIDXOWV\QWKHWLFV7KH
REVHUYHGUHFRUGVDUHVLPLODUO\SODFHGHQGWR
HQGIRUDOOVWDWLRQVWRIRUPWKHGDWDYHFWRUE
7RJHWKHUWKHVHIRUPDQRYHUGHWHUPLQHGV\VWHP
RIOLQHDUHTXDWLRQV$[ EWKDWLVVROYHGIRUWKH
VROXWLRQYHFWRU[ZKRVHHOHPHQWV FRUUHVSRQG
WR WKH VXEIDXOW VOLSV UHTXLUHG WR UHSURGXFH
WKH REVHUYDWLRQV 0XOWLSOH VOLS LQWHUYDOV DUH
DFFRPPRGDWHG E\ DGGLQJ FROXPQV WR WKH $
PDWUL[ WKDW DUH FRQVWUXFWHG E\ VXFFHVVLYHO\
ODJJLQJ WKH VXEIDXOW V\QWKHWLFV E\ WKH ZLGWK
RI WKH ER[FDU VRXUFHWLPH IXQFWLRQ UHVXOWLQJ
LQ D VSHFL¿HG QXPEHU RI WLPH ZLQGRZV WKDW
GLVFUHWL]H WKH ULVH WLPH RQ WKH IDXOW 7KH
LQYHUVLRQWKXVUHFRYHUVWKHVOLSUHTXLUHGRIHDFK
VXEIDXOWLQHDFKRIWKHVSHFL¿HGWLPHZLQGRZV
)RU WKH  2PHWHSHF3LQRWHSD 1DFLRQDO
HDUWKTXDNHZHXVHG¿YHWLPHZLQGRZVRIV
GXUDWLRQDOORZLQJXSWRVIRUWKHULVHWLPHDW
DQ\SRLQWRQWKHIDXOW7KLVÀH[LELOLW\DOORZVIRU
WKHULVHWLPHYDULDWLRQVREVHUYHGE\6RPHUYLOOH
et alIRUHDUWKTXDNHVRIWKLVVL]H
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,Q WKH +DUW]HOO DQG +HDWRQ 
IRUPXODWLRQ WKH FRQVWUDLQW HTXDWLRQV O)[  
DUHDGGHG WR WKH OLQHDU V\VWHP WR VWDELOL]H
WKH LQYHUVLRQ ZKHUH WKH VPRRWKLQJ ZHLJKW
Ǌ FRQWUROV WKH WUDGHRII EHWZHHQ DSSO\LQJ WKH
FRQVWUDLQWV DQG ¿WWLQJ WKH REVHUYDWLRQV 7KH
FRQVWUDLQWV WDNH WZR IRUPV ZLWK WKH OLQHDU
V\VWHPWRVROYHJLYHQE\
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ZKHUH )1 FRUUHVSRQGV WR WKHGLIIHUHQFH LQ VOLSEHWZHHQ DGMDFHQW VXEIDXOWV WKXV UHTXLULQJ D
VPRRWKWUDQVLWLRQRIVOLSIURPVXEIDXOWWRVXEIDXOW
F2 LV WKH LGHQWLW\ PDWUL[ HIIHFWLYHO\ UHGXFLQJWKHOHQJWKRIWKH[YHFWRUDQGWKHWRWDOVHLVPLF
moment. Cd-1 LVDGDWDFRYDULDQFHPDWUL[WKDW
QRUPDOL]HV WKH GDWD UHFRUG DW HDFK VWDWLRQ WR
LWVPD[LPXPDPSOLWXGH7KHFRHI¿FLHQWPDWUL[
Cd-1$ WKXV FRQWDLQV WKH REVHUYHGDPSOLWXGH
LQIRUPDWLRQ IROORZLQJ WKH GDWD QRUPDOL]DWLRQ
SURFHVV0HQGR]DDQG+DUW]HOO
7KHOLQHDUV\VWHPFRUUHVSRQGVWRDGLVFUHWH
LOOSRVHGSUREOHPZKLFK FDQEH VROYHGXVLQJ
7LNKRQRYW\SH UHJXODUL]DWLRQ WKURXJK DQ
LWHUDWLYH/FXUYHDQDO\VLV+DQVHQ7KLV
LWHUDWLYHSURFHVVUHFRYHUVWKHVLPSOHVWVROXWLRQ
E\ LGHQWLI\LQJWKHRSWLPXPVPRRWKLQJZHLJKW
Ǌs Ǌ1 Ǌ2 WKDWTXDQWL¿HV WKHEDODQFHEHWZHHQ¿WWLQJ WKH GDWD DQG PHHWLQJ WKH FRQVWUDLQWV
0HQGR]DDQG+DUW]HOO$QLQGHSHQGHQW
HVWLPDWH RI WKLV RSWLPXP VPRRWKLQJ ZHLJKW
KRZHYHU FDQ EH REWDLQHG IURP WKH DYHUDJH
(|a|avgRIWKHDEVROXWHYDOXHVRIWKHHOHPHQWVRIWKHFRHI¿FLHQWPDWUL[XVLQJWKHUHODWLRQǊs  
90 |a|avg0HQGR]DDQG+DUW]HOO7KXVWKH DPRXQW RI VWDELOL]DWLRQ WR DSSO\ FDQ EH
HVWLPDWHGGLUHFWO\IURPWKHLQYHUVHSUREOHPDQG
WKHQXVHGWRLQYHUWWKHREVHUYHGGDWDDOORZLQJ
WKHUHFRYHU\RIDQHDUWKTXDNHVRXUFHPRGHOLQ
D VLQJOH VWHS1RWH WKDW WKH VHLVPLFPRPHQW
FRXOG EH ¿[HG WR D SUHVFULEHG YDOXH LQVWHDG
RIPLQLPL]LQJWKHPRPHQWLQWKH)2 constraint. +RZHYHUWKLVZRXOGUHTXLUHDUHHYDOXDWLRQRI
WKHUHODWLRQVKLSEHWZHHQWKHVPRRWKLQJZHLJKW
DQG WKHHOHPHQWVRI WKHFRHI¿FLHQWPDWUL[ WR
LGHQWLI\WKHSURSHUVPRRWKLQJYDOXHWRXVH LQ
WKHLQYHUVLRQ
Near-realtime source analysis
:HDSSOLHGWKHVLQJOHVWHSLQYHUVLRQDOJRULWKPRI
0HQGR]DDQG+DUW]HOOWRWKHWHOHVHLVPLF
3 ZDYHV UHFRUGHG IRU WKH  2PHWHSHF
3LQRWHSD1DFLRQDOHDUWKTXDNHWRUHFRYHUD¿UVW
RUGHU LPDJHRI WKH UXSWXUHKLVWRU\ WKHGD\RI
WKH HYHQW 7KH LQYHUVLRQXVHV WKHEURDGEDQG
YHUWLFDO%+=ZDYHIRUPVUHFRUGHGE\VWDWLRQV
RI WKH *OREDO 6HLVPRJUDSKLF 1HWZRUN *61
ZLWKUHFRUGVWDUWWLPHVFRUUHVSRQGLQJWRWKH3
DUULYDOWLPHVXVHGE\WKH86*61(,&WRORFDWH
WKH HYHQWV 7KH GDWDZHUH REWDLQHG IURP WKH
86*61(,& &RQWLQXRXV :DYHIRUP %XIIHU
&:% UHSRVLWRU\ WKDW DUH PDGH DYDLODEOH WR
WKH VFLHQWL¿F FRPPXQLW\ WKURXJK GHGLFDWHG
FOLHQWVHUYHUVVKRUWO\DIWHUWKH\DUHUHFRUGHGDW
WKH YDULRXVZRUOGZLGH VWDWLRQV IWSKD]DUGV
FUXVJVJRY&:%4XHU\&:%4XHU\GRF 7KH
GDWDUHWULHYDO SURFHGXUH XVHV WKH SKDVH
DUULYDO WLPHVSRVWHGRQOLQHE\ WKH86*61(,&
IROORZLQJ WKH HDUWKTXDNH KWWSHDUWKTXDNH
XVJVJRYHDUWKTXDNHV WR UHTXHVW ZDYHIRUPV
IRU VWDWLRQV ORFDWHG  GHJUHHV IURP WKH
HSLFHQWHU 5HFRUGV IURP WKH DYDLODEOH VWDWLRQV
ZHUHWKHQGHFRQYROYHGWRJURXQGGLVSODFHPHQW
LQWHUSRODWHG WR D V WLPH VWHS SDVVEDQG
¿OWHUHGEHWZHHQDQGVDQGZLQGRZHGWR
V UHFRUG OHQJWKV )RU WKHHDUWKTXDNH
a total of 26 teleseismic P-wave records were 
UHFRYHUHG IURP WKH &:% GDWDEDVH )LJXUH 
DQG7DEOHIRUXVHLQWKHLQYHUVLRQ7KLVGDWD
retrieval and waveform processing took less 
WKDQPLQXWHV RQ D *+] ,QWHO &RUH'XR
iMac desktop computer.
7KHVOLSPRGHOUHFRYHUHGIRUWKHHDUWKTXDNH
XVLQJ WKH GHFRQYROYHG WHOHVHLVPLF 3ZDYH
Figure 1*61VWDWLRQVWULDQJOHVXVHGWRVWXG\WKH
0DUFK2PHWHSHF3LQRWHSD1DFLRQDOHDUWK-
TXDNHSORWWHG UHODWLYH WR WKH86*61(,&HSLFHQWHU
(star).
GEOFÍSICA INTERNACIONAL
APRIL - JUNE 2014      215
Figure 2. 6OLSPRGHOREWDLQHGIRUWKH2PHWHSHF3LQRWHSD1DFLRQDOHDUWKTXDNHIURPWKHLQYHUVLRQRIWKH
*61WHOHVHLVPLF3ZDYHJURXQGGLVSODFHPHQWV¿OWHUHGDWV9LHZLVIURPWKHWRSRIWKHIDXOWZLWKGLVWDQFH
PHDVXUHGIURPWKHK\SRFHQWHUVWDUSODFHGDWWKHNPGHSWKREWDLQHGE\WKH86*61(,&
Table 1. Stations used in teleseismic inversion. GLVSODFHPHQWUHFRUGVLVVKRZQLQ)LJXUH7KLV
UHVXOWZDVREWDLQHGZLWKLQPLQXWHIROORZLQJ
WKH SURFHVVLQJ RI WKH REVHUYHG UHFRUGV 7KH
PRGHOVKRZVDVLQJOHFLUFXODUVRXUFHFHQWHUHG
DW WKH HDUWKTXDNH K\SRFHQWHU ZLWK D UDGLXV
RI DERXW  NP DQG D SHDN VOLS RI  FP
7KHREVHUYHGUHFRUGVDUH¿WYHU\ZHOO)LJXUH
DOWKRXJKWKHUHDUHVRPHPLVDOLJQPHQWVDW
VHYHUDOVWDWLRQVHJ%25*.'$.&25WKDW
UHTXLUHVPDOOVKLIWVWRWKH86*61(,&3DUULYDO
WLPHV 5XQV FRQGXFWHG DIWHU DGMXVWLQJ WKHVH
UHFRUGVWDUWWLPHVKRZHYHU\LHOGVOLSPRGHOV
WKDWDUHYHU\VLPLODUWRWKDWVKRZQLQ)LJXUH
7KHPRPHQWUDWHIXQFWLRQ)LJXUHVKRZV
DPDMRUVSXOVHZLWKD VHLVPLFPRPHQWRI
[27 dyne-cm (MWWKDWFRUUHVSRQGVWR IDXOW VOLS LQ WKH FLUFXODU UHJLRQ QHDU WKH
K\SRFHQWHU 7KHUH LV DOVR D VHFRQG VPDOOHU
FRQWULEXWLRQWRWKHWRWDOPRPHQWDERXWVODWHU
GXHWRVOLSEH\RQGNPIURPWKHK\SRFHQWHU
7KLVVHFRQGVPDOOSXOVHKDVDPLQLPDOHIIHFW
RQWKHSUHGLFWHGWHOHVHLVPLF3ZDYHIRUPVDQG
LV DWWULEXWHG WR WKH PDSSLQJ RI XQPRGHOHG
SURSDJDWLRQHIIHFWVRQWRWKHIDXOW7KDWLVWKH
REVHUYHGUHFRUGVDUH¿WMXVWDVZHOOZKHQVOLS
IURPWKLVRXWHUSRUWLRQRIWKHIDXOWLVH[FOXGHG
IURPWKHVRXUFHPRGHO7KHFLUFXODUFRVHLVPLF
VRXUFHUHJLRQDFFRXQWVIRUDERXWSHUFHQWRI
WKH WRWDO FDOFXODWHG VHLVPLFPRPHQWRI[
1027 dyne-cm.
6WDWLRQ 'LVWDQFH $]LPXWK
 3$6&  
 BORG 69.5 26.5
(6.  
 ))&  
 .'$.  
 11$  
 &2/$  
 &25  
 +59  
 KBS 77.5 10.7
 KIP 56.5 -75.1
 .212  
 .2:$  
 27$9  
 3$%  
 32+$  
 RCBR 65.5 104.5
 566'  
 6$0/  
 6'9  
 6)-'  
 6-*  
 663$  
 ECSD 27.0 2.5
 (<01  
 JFWS 27.0 12.9
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Figure 3. )LWV EHWZHHQ
REVHUYHG VROLG DQG SUHGLFWHG
GDVKHG WHOHVHLVPLF 3ZDYH
displacements corresponding 
WR WKH VOLS PRGHO RI )LJXUH 
Waveforms are normalized to 
WKHLUPD[LPXPDPSOLWXGHVDQG
QXPEHUVWRWKHULJKWLQGLFDWHWKH
UDWLR RI V\QWKHWLFWRREVHUYHG
amplitudes corresponding to a 
total moment of 1.5 x 1027 dyne-
FP7KLVWRWDOPRPHQWKRZHYHU
includes non-source related 
FRQWULEXWLRQV IURP EH\RQG WKH
FLUFXODU VRXUFH DUHD VKRZQ LQ
Figure 2.
Figure 4. 0RPHQWUDWHIXQFWLRQFRUUHVSRQGLQJWRWKH
VOLSPRGHOVKRZQLQ)LJXUH0RPHQWUHOHDVHLQWKH
¿UVWV LVGXHWRFRVHLVPLFVOLSZLWKLQWKHFLUFXODU
VRXUFHDUHDRIWKHVOLSPRGHODQGFRUUHVSRQGVWRD
VHLVPLFPRPHQWRI[27G\QHFP7KHVHFRQG
VPDOOSXOVHREVHUYHGEH\RQGVLVDWWULEXWHGWRWKH
PDSSLQJRIQRQVRXUFHHIIHFWVRQWRWKHIDXOW
7KH VOLS GLVWULEXWLRQ REWDLQHG LQ QHDU
UHDOWLPH IRU WKH  2PHWHSHF3LQRWHSD
1DFLRQDO HDUWKTXDNH LV YHU\ VLPLODU WR WKH
¿QLWHIDXOWPRGHOGHULYHGE\WKH86*61(,&
KWWSHDUWKTXDNHXVJVJRYHDUWKTXDNHV
HTLQWKHQHZVXVFPK IURP WKH
DQDO\VLVRIERG\DQGVXUIDFHZDYHGDWDXVLQJ
WKHPHWKRGRI-Let al7KH86*61(,&
PRGHOVKRZVDVLQJOHNP[NPVOLSDUHDDW
WKHK\SRFHQWHUZLWKDSHDNVOLSRIaPDQGD
seismic moment of 1.5 x 1027G\QHFP$UHFHQW
VWXG\RIWKHHYHQWE\81$06HLVPRORJ\*URXS
 KRZHYHU VXJJHVWV WKDW WZR VHSDUDWH
VRXUFHVPD\KDYHFRQWULEXWHGWRWKHVHLVPLF
wave radiation. 7KH\XVHWHOHVHLVPLFERG\DQG
surface waves and local strong-motion data to 
identify two areas of slip (up to 4m peak) updip 
DQG GRZQGLS RI WKH K\SRFHQWHU 7KLV VRXUFH
GHWDLOZDVREWDLQHGDVVXPLQJDQDUELWUDU\V
WLPH VKLIW LQ WKH DOLJQPHQW RI WKH REVHUYHG
ERG\ZDYHUHFRUGV81$06HLVPRORJ\*URXS
,QGHSHQGHQWRIZKHWKHUWKLVVVKLIWLV
QHFHVVDU\ UDSLG ¿QLWHIDXOW DQDO\VHV VXFK DV
WKHRQHGHVFULEHG LQWKLVSDSHUUHO\RQ LQLWLDO
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3DUULYDOPHDVXUHPHQWVDQGZRXOGQRWEHDEOH
WR GLVFHUQ UXSWXUH SDWWHUQV WKDW GHSHQG RQ
WKH LGHQWL¿FDWLRQ RI ZHDN SUHFXUVRUV RQ WKH
WHOHVHLVPLF UHFRUGV 1RQHWKHOHVV LW PD\ EH
SRVVLEOHWRGHULYHPRUHVRXUFHGHWDLOWKDQWKDW
VKRZQ LQ )LJXUH  E\ XVLQJ KLJKHUIUHTXHQF\
UHFRUGV WKDW FRXOG SRWHQWLDOO\ UHVROYH VPDOOHU
source dimensions.
Analysis using instrumental records
:LWKWKLVLQPLQGZHSHUIRUPDVHFRQG¿QLWH
IDXOW DQDO\VLV RI WKH 2PHWHSHF3LQRWHSD
1DFLRQDO HDUWKTXDNH XVLQJ WKH LQVWUXPHQWDO
%+= ZDYHIRUPV UHFRUGHG DW WKH  *61
WHOHVHLVPLFVWDWLRQVZLWKUHFRUGVWDUWWLPHVVHW
WRWKH86*61(,&3DUULYDOWLPHV7KHVHUHFRUGV
FRUUHVSRQGWRYHORFLW\DQGDUHJLYHQLQFRXQWV
VHFRQG LQ WKH &:% GDWDEDVH ,Q WKLV FDVH
LQVWUXPHQWUHVSRQVHVDUHDGGHGWRWKHVXEIDXOW
V\QWKHWLFV UDWKHU WKDQ GHFRQYROYHG IURP WKH
REVHUYHG UHFRUGV DQG ERWK REVHUYDWLRQV DQG
V\QWKHWLFVDUH LQWHUSRODWHG WRDFRPPRQ WLPH
VWHSRIVSULRU WR LQYHUVLRQ7KH UHVXOWLQJ
VOLS PRGHO )LJXUH  VKRZV D PRUH HOOLSWLFDO
VRXUFHZLWKVOLSH[WHQGLQJXSGLSDQGGRZQGLS
IURPWKHK\SRFHQWHU
7KH GLUHFWLRQ RI HORQJDWLRQ LV FRQVLVWHQW
ZLWK WKH 16 VOLS SDWWHUQ REWDLQHG E\ 81$0
6HLVPRORJ\*URXS7KHSHDNVOLSLV
FPDQGWKHWRWDOVHLVPLFPRPHQWLV[27 
G\QHFP7KLVWRWDOPRPHQWKRZHYHULQFOXGHV
FRQWULEXWLRQVIURPRXWVLGHWKHHOOLSWLFDOVRXUFH
DUHDPRUH WKDQNPIURPWKHK\SRFHQWHU
)RUDUXSWXUHYHORFLW\RINPVWKLVRXWHU
VOLSZRXOGUHVXOWIURPDQDWWHPSWWR¿WGHWDLOV
RI WKH REVHUYHG UHFRUGV EH\RQG V 5HFRUG
DPSOLWXGHV EH\RQG WKLV WLPH KRZHYHU DUH
relatively small (Figure 6) and correspond 
HLWKHU WR XQPRGHOHG SURSDJDWLRQ HIIHFWV RU
WR PLQRU XQUHVROYHG IHDWXUHV RI WKH VRXUFH
6RPH RI WKH UHFRUG VWDUW WLPHV DUH DJDLQ
REVHUYHGWRUHTXLUHWLPHVKLIWVDOWKRXJKUXQV
FRQGXFWHGDIWHUPDNLQJWKHVHDGMXVWPHQWVGR
QRW DSSUHFLDEO\ PRGLI\ WKH LQIHUUHG UXSWXUH
SDWWHUQ7KHDGGLWLRQDOGHWDLOSURYLGHGE\WKH
LQVWUXPHQWDO%+=UHFRUGVLVGXHWRWKHKLJKHU
Figure 5. )LQLWHIDXOWPRGHOREWDLQHGIRUWKH2PHWHSHF3LQRWHSD1DFLRQDOIURPWKHLQYHUVLRQRIWKHEURDG-
EDQGWHOHVHLVPLF*61LQVWUXPHQWDO3ZDYHIRUPV'LVWDQFHVDQGV\PEROVDUHWKHVDPHDVLQ)LJXUH
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Figure 7. Moment-rate function corresponding to 
WKHVOLSPRGHORI)LJXUH7KHPRPHQWUHOHDVHLQ
WKH¿UVWVLV[27 dyne-cm and corresponds 
WR FRVHLVPLF VOLSZLWKLQ WKH HOOLSWLFDO VRXUFH UHJLRQ
REVHUYHGLQWKHLQIHUUHGUXSWXUHPRGHO7KHVHFRQG
SXOVHREVHUYHGEH\RQGVLVDWWULEXWHGWRWKHPDS-
SLQJRIQRQVRXUFHHIIHFWVRQWRWKHIDXOW
Figure 6. )LWV EHWZHHQ REVHU
ved, instrumental teleseismic 
3ZDYHIRUPV VROLG DQG WKRVH
SUHGLFWHG GDVKHG IRU WKH
VOLS PRGHO VKRZQ LQ )LJXUH 
5HFRUGVDUHQRUPDOL]HGWRWKHLU
maximum amplitudes, and 
QXPEHUVWRWKHULJKWLQGLFDWHWKH
UDWLR RI V\QWKHWLFWRREVHUYHG
amplitudes corresponding to 
a total calculated moment of 
1.9 x 1027 G\QHFP 7KLV WRWDO
PRPHQWKRZHYHULQFOXGHVQRQ
VRXUFHUHODWHGFRQWULEXWLRQVGXH
WRDWWHPSWVWR¿W¿QHGHWDLOVRI
WKHZDYHIRUPVEH\RQGVLQWR
WKHUHFRUGV
IUHTXHQF\FRQWHQWRI WKHYHORFLW\ZDYHIRUPV
FRPSDUHGWRWKHJURXQGGLVSODFHPHQWUHFRUGV
7KDW LV VLPLODU UHVXOWV DUH REWDLQHG XVLQJ
GHFRQYROYHG JURXQGYHORFLW\ UHFRUGV LQ WKH
LQYHUVLRQ HJ UHFRUGV GHFRQYROYHG ZLWKLQ
IUHTXHQF\EDQGVRI+]DQG
+]
7KH PRPHQWUDWH IXQFWLRQ REWDLQHG XVLQJ
WKH LQVWUXPHQWDO YHORFLW\ UHFRUGV )LJXUH 
VKRZVDVSXOVHZLWKDVHLVPLFPRPHQWRI
1.4 x 1027 G\QHFP WKDW FRUUHVSRQGV WR WKH
HOOLSWLFDO VRXUFHDUHDRI)LJXUH7KLVVRXUFH
duration and seismic moment are consistent 
ZLWK WKRVH LGHQWL¿HG IRU WKH FLUFXODU VOLS
UHJLRQ LQ WKH QHDUUHDOWLPH LQYHUVLRQ RI WKH
GHFRQYROYHGGLVSODFHPHQWUHFRUGV7KHORZHU
DPSOLWXGHSXOVHREVHUYHGEH\RQGVHFRQGV
LQ WKH PRPHQWUDWH IXQFWLRQ FRUUHVSRQGV WR
VOLSPDSSHGRQWRWKHRXWHUSRUWLRQVRIWKHIDXOW
GXHWRWKH¿WWLQJRIXQPRGHOHGHIIHFWV LQWKH
REVHUYHGZDYHIRUPV
Conclusions and discussion
:H GHULYHG D ¿UVWRUGHU UXSWXUH PRGHO IRU
WKH  2PHWHSHF3LQRWHSD 1DFLRQDO
0H[LFR HDUWKTXDNH LQ QHDUUHDOWLPH XVLQJ 
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EURDGEDQG *61 WHOHVHLVPLF 3ZDYH UHFRUGV
REWDLQHG IURP WKH 86*61(,& &RQWLQXRXV
:DYHIRUP%XIIHU&:%GDWDEDVH7KHLQYHUVLRQ
XVHV WKH GHFRQYROYHG JURXQGGLVSODFHPHQW
waveforms to identify a relatively simple, 
FLUFXODUNP2VRXUFHQHDUWKHK\SRFHQWHU
WKDWLVFRPSDUDEOHLQERWKVOLSDPSOLWXGHDQG
UXSWXUHH[WHQW WR WKHPRGHO LGHQWL¿HGE\ WKH
86*61(,& XVLQJ ERG\ DQG VXUIDFHZDYH
GDWD7KLVUHVXOWLQGLFDWHVWKDWWKHVLQJOHVWHS
¿QLWHIDXOW LQYHUVLRQ SURFHGXUH FDQ SURYLGH
provisional rupture models in near-realtime for 
ODUJHVKDOORZLQWHUSODWHHDUWKTXDNHVDORQJWKH
Mexico coast using teleseismic P waves. For 
WKH 2PHWHSHF3LQRWHSD 1DFLRQDO HDUWKTXDNH
WKHDQDO\VLVWRRNOHVVWKDQPLQXWHVWRFRP
SOHWH LQFOXGLQJ WKH UHWULHYDO DQG SURFHVVLQJ
RIWKHWHOHVHLVPLF3ZDYHVDQGWKHSORWWLQJRI
WKHUHVXOWV)RUVWDWLRQVORFDWHGDWWHOHVHLVPLF
GLVWDQFHV3ZDYHIRUPVZRXOGEHUHFRUGHGDQG
VWRUHGLQWKH&:%GDWDEDVHZLWKLQPLQXWHV
IROORZLQJ WKH HYHQW VR WKDW D QHDUUHDOWLPH
LQYHUVLRQ FRXOG EH SHUIRUPHGZLWKLQ WKH ¿UVW
KRXUSURYLGHGDVRXUFHPHFKDQLVPLVDYDLODEOH
)RUODUJHHYHQWVPRPHQWWHQVRUPHFKDQLVPV
DUH JHQHUDOO\ FRPSXWHG E\ WKH 86*61(,&
ZLWKLQWKLVWLPHIUDPHDQGWKHVHPHFKDQLVPV
FRXOG EH XVHG LQ WKH QHDUUHDOWLPH DQDO\VLV
$OWHUQDWLYHO\ SUHGHWHUPLQHG IDXOW JHRPHWULHV
IRUVXEGXFWLRQHYHQWVLQVSHFL¿FUHJLRQVFRXOG
EHXVHGWRDFFHOHUDWHWKHSURFHVV
:H DOVR FRQGXFWHG D VHFRQG ¿QLWHIDXOW
DQDO\VLV RI WKH 2PHWHSHF3LQRWHSD 1DFLRQDO
HDUWKTXDNH XVLQJ WKH LQVWUXPHQWDO YHORFLW\
ZDYHIRUPVUHFRUGHGDWWKH*61WHOHVHLVPLF
VWDWLRQV 7KH UHVXOWLQJ VOLS SDWWHUQ VKRZV D
PRUH HOOLSWLFDO VRXUFH WKDW FRYHUV DQ DUHD RI
DERXWNP2 and extends updip and downdip 
IURP WKHK\SRFHQWHU6OLS LV RULHQWHG6:1(
FRQVLVWHQWZLWKWKHGHWDLOHGGXDOVRXUFHPRGHO
REWDLQHG E\ 81$06HLVPRORJ\*URXS 
XVLQJ ORFDO VWURQJPRWLRQ GDWD 7KH YHORFLW\
UHFRUGV WKXV SURYLGH DGGLWLRQDO GHWDLOV RI WKH
VRXUFHFRPSDUHG WR WKHJURXQGGLVSODFHPHQW
ZDYHIRUPV GXH WR WKHLU KLJKHU IUHTXHQF\
FRQWHQW ,W ZRXOG EH XVHIXO WKHQ WR LQFOXGH
velocity records in near-realtime applications 
XVLQJ WHOHVHLVPLF 3 ZDYHV WR UHFRYHU WKH
HDUWKTXDNH UXSWXUH KLVWRU\ 7KHVH FRXOG EH
HLWKHUGHFRQYROYHGJURXQGYHORFLW\UHFRUGVRU
WKH LQVWUXPHQWDO ZDYHIRUPV WKHPVHOYHV $Q
DGYDQWDJHRIXVLQJWKHLQVWUXPHQWDOUHFRUGVLV
WKDWVLQFHWKHLQVWUXPHQWUHVSRQVHVDUHDGGHG
WRWKHV\QWKHWLFVUDWKHUWKDQGHFRQYROYHGIURP
WKH REVHUYHG UHFRUGV SRWHQWLDOO\ XQVWDEOH
FRPSXWDWLRQDO VWHSV DUH DYRLGHG LQ WKH
SUHSDUDWLRQ RI WKH ZDYHIRUPV IRU LQYHUVLRQ
6RPH ORQJSHULRG ¿OWHULQJ KRZHYHU PD\
EH UHTXLUHG IRU HYHQWV JUHDWHU WKDQ0W  WRDGHTXDWHO\ DFFRXQW IRU WKH ¿QLWHQHVV RI WKH
VRXUFH )RU H[DPSOH LQ WKHLU DQDO\VLV RI WKH
2011 MW-DSDQDQG0W6XPDWUDHDUWKTXDNHV 0HQGR]D DQG +DUW]HOO 
ORZSDVV¿OWHUHGWKHWHOHVHLVPLF3ZDYHIRUPV
DWV7KHQXPEHURIWLPHZLQGRZVDQGWKH
GXUDWLRQ RI WKH VRXUFHWLPH IXQFWLRQ ZRXOG
DOVR KDYH WR EH JUHDWHU WR DOORZ IRU ORQJHU
ULVH WLPHV IRU WKHVH ODUJHU HYHQWV )RU QHDU
UHDOWLPHDSSOLFDWLRQVWKHULVHWLPHSDUDPHWHUV
XVHG E\ 0HQGR]D DQG +DUW]HOO  WR
PRGHOGLIIHUHQWVL]HHYHQWVFRXOGSUREDEO\EH
DGRSWHG 0HQGR]D DQG +DUW]HOO  XVHG
WKHVH SDUDPHWHUV WR GHULYH GLVWULEXWLRQV RI
FRVHLVPLF IDXOW VOLS WKDW FRPSDUH ZHOO ZLWK
PRGHOV GHULYHG XVLQJ PRUH VRSKLVWLFDWHG
WHFKQLTXHVDQGPRUHFRPSOHWHGDWDVHWV
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